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APPARATUS AND PROCESS FOR HIGH SPEED 
WATERJET CUTTING OF EXTENSIBLE 

SHEETING 

RELATED APPLICATIONS 

copending US patent application Ser. No. 099,560, 
?led Sept. 22, 1987, now US. Pat. No. 4,903,559, 
commonly assigned and copending US. patent applica 
tion Ser. No. 099,476, ?led Sept. 22, 1987, now aban 
doned. 

BRIEF DESCRIPTION OF THE INVENTION 

High speed waterjet cutting about a single edge of a 
moving extensible sheeting material to effect repeated 
cuts in the material at about the edge, which comprises 
repeatedly 
(i) passing an edge and a portion interior of the edge of 

the moving sheeting material over a solid support 
surface within a cutting area; 

(ii) laterally moving a waterjet cutting means compris 
ing a waterjet nozzle over the cutting area and the 
solid support to cross the edge of the moving sheeting 
material within the cutting area over the solid sup 
Port; 

(iii) providing a water passage opening, in and bounded 
by the solid support, which 
(a) is in connected relationship with a water recepta 

cle, and 
(b) is opposite of the water nozzle and registered 

therewith to follow the nozzle while over the cut 
ting area; 

(iv) waterjet cutting the material at about the edge, 
within the cutting area, by waterjet cutting the mate 
rial from a point at least within the edge to another 
point within the same edge; 

(v) synchronizing the relationship of the water jetting 
from the waterjet nozzle such that as the water passes 
through the material, it is captured in the water pas 
sage and removed to the water receptacle; 

(vi) removing the waterjet cutting means from a posi 
tion over the moving sheeting material; 

(vii) maintaining any removable piece that is formed by 
the waterjet cutting within the sheeting material until 
the sheeting material is removed from the cutting 
area; and 

(viii) thereafter recovering the cut portion of the sheet 
ing material from the cutting area from which is sepa 
rated any such removable piece. 

BACKGROUND TO THE INVENTION 

In the aforementioned copending applications, a 
problem associated with high speed cutting of sheeting 
materials is overcome by effecting the cutting in the 
direction of movement of the sheeting material. Though 
this can solve a number of problems, there remains a 
special problem associated with the high speed cutting 
of relatively thin ?lms of extensible materials, particu 
larly the high speed cutting of relatively thin ?lms of 
plastic materials such as thermoplastic ?lms. The prob 
lem relates to the quality of the cut in the extensible 
material and the handling of discardable selvage. The 
term “relatively thin ?lms” encompasses ?lms having a 
thickness less than about 5 mils. Because extensible 
materials, by de?nition, can be stretched, they are par 
ticularly vulnerable when the cutting force has an unre 
strained impact on the material. This can be visualized 
by the following: 
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If one holds a wide sheet of extensible ?lm such as 

low density polyethylene at its edges but unrestrained in 
the interior portion, and then impacts a surface of the 
interior portion with a blunt instrument, the ?lm will 
stretch in the direction of the impact. When the force of 
the impact is suf?cient to cause a tear in the ?lm, be 
cause the extensible material is suf?ciently non-elastom 
eric so as not to regain its original shape, stretched 
portions of the ?lm will reside at the tear and about the 
tear leaving a poor quality ragged cut in the material 
and a permanently deformed material in the area of the 
tear. As one reduces the bluntness of the instrument, less 
stretching occurs and the quality of the cut commensu 
rately improves and permanent deformation is commen 
surately reduced. It is, however, not eliminated. 

Waterjet cutting can be effected on such extensible 
materials. It can act as the aforementioned blunt instru 
ment or as a less blunt instrument in cutting the mate 
rial. Because it is a high pressure stream of water, it has 
the capacity of spattering, splashing, splaying, depend 
ing how it is used, and none of these three S’s is favor 
able to its application as a cutting tool. For example, if 
one introduces a solid surface in its path, the stream will 
be deflected and subjected to all of the 3 S’s. If the 
object being cut is an extensible thermoplastic film and 
is rested on a solid surface when it is waterjet cut, the 
waterjet stream will pound the solid surface after pene 
trating and cutting the ?lm. The impact on the solid 
surface will cause the stream to be de?ected in many 
directions, one of which will be back into the ?lm being 
cut causing, as a minimum effect, movement of the film 
particularly about the area being cut and this forebodes 
distortions and unpredictable patterns in the cutting. 
This problem exists even if the solid surface is a thin 
wire, see Leslie, et al., infra. These kinds of problems 
are compounded when the cutting pattern moves lateral 
of a moving ?lm and the line speed of the moving ?lm 
is high, such as greater than 100 lineal feet per minute. 
They become even more severe problems when the 
waterjet cutter slices into and out of an edge of a ?lm of 
an extensible thermoplastic material to cut out a part 
that is free to move from the ?lm. If the cutting action 
throws water into the ?lm, the cut out part can be 
tossed about the work area to potentially interfere with 
the cutting operation. If the line speed is high, viz. 
greater than 100 lineal feet per minute, air currents 
become an injected problem that can cause the out part 
to move within and about the cutting operation thus 
introducing further potential interference with the cut 
ting operation. 
A problem associated with waterjet cutting is 

“splashback.” It is dealt with by Leslie, et al, in US. 
Pat. No. 3,978,748, patented Sept. 7, 1976, according to 
the following: 

“The wires 32, spring steel about 0.015 inch in diame 
ter support the workpiece while facilitating the cut 
ting operation by preventing splash back and wetting 
of the workpiece. The wires are held in tension at a 
loading of approximately one-half the yield point of 
the steel. At this loading the grid adequately supports 
the material to be cut, but has suf?cient[sic]ly elastic 
ity to de?ect when the ?uid passes directly over it, 
thereby not being severed by the force of the fluid.” 
“The use of a wire grid has been found to overcome 
one of the prime disadvantages of prior systems, 
splashback. As just pointed out, support of the work 
piece is essential and in systems where merely straight 
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cuts were being made, such as cutting logs, the mate 
rial could be passed under the cutter on a table with 
a ?xed discharge duct directly opposite the nozzle. 
However, for complex cutting operations, such as 
fabric patterns, it is obvious that a solid table cannot 
be employed least the material be completely satu 
rated by the cutting ?uid. One way to avoid the prob 
lem would be to hang the material vertically without 
a backing and cut horizontally, however, material 
handling problems result which make this type of 
cutting impractical for ?exible goods. The use of a 
horizontal bed with the cutting action vertical is pre 
ferred and the use of a wire support bed makes this 
type of operation feasible. Trays, such as shown in 
FIG. 2, may be fabricated using a wire pattern of size 
and strength to facilitate the support of the material 
and! to prevent pieces, once cut, from falling through 
the wires.” 

The splashback problem is associated with the use of 
a solid table supporting the material during the cutting 
action. The patentees were not aware of the issue of 
extensibility or were unconcerned by it because it was 
not the problem which the patentees had solved. These 
patentees dealt with the problem of water removal but 
not the effective support of the material so as to avoid 
the extensibility problem. Moreover, the patentees fail 
to mention that as the water spray passes over a sup 
porting wire, a certain level of splashback is inevitable 
though evidently that level would be less than the level 
of splashback generated on a solid flat table. 

Leslie, et al. deal with the water removal problem by 
providing a water catcher in registration with the wa 
terjet cutter such that wherever the waterjet moves, so 
does the water catcher. The water catcher is located 
below the wire trays to catch the water that passes 
through the material and the tray. The water catcher in 
Leslie, et al. is not part of the support of the material 
being cut nor is it in open registration with the support 
such that no part of the support intervenes the material 
being cut and the water catcher. 

Waterjet cutting has been used to cut extensible mate 
rials where either the piece that is being cut is moved or 
the waterjet cutting means is moved. There are known 
processes where both are moved in linear or essentially 
linear directions. For example, the cutter is moved es 
sentially laterally of the piece or the waterjet cutting 
means is oscillated within a small arc laterally into a 
linearly moving ?lm of extensible material. 
There are products formed from plastic ?lm that are 

produced in continuous runs. There are situations when 
a cut through an edge of the ?lm is required in order to 
form the desired product. Such typically generates a 
disposable selvage. In the case of Kloehn, et al., U.S. 
Pat. No. 4,567,796, patented Feb. 4, 1986, and U.S. Pat. 
No. 4,573,382, patented Mar. 4, 1986, this is accom 
plished by the use of oscillating cutting devices which 
fail to follow in the direction of the movement of the 
object being cut. The patentees use waterjet cutting to 
trim the edge of a continuous run of plastic sheet to 
make the leg openings of a baby diaper. The continuous 
run of plastic is supplied on a conveyer of unde?ned 
description. The patent’s drawings show the conveyers 
as endless belts, apparently of solid construction (the 
equivalent of a solid table). The patentees were either 
unconcerned with splashback and extensibility or were 
operating the waterjet cutter in a manner, such as at 
slow line speed, that the problems of splashback and 
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4 
extensibility could be accepted. The application ?ling 
dates of these patents was May 7, 1984, thus the technol 
ogy is reasonably presumed to represent the current 
state of the art in waterjet cutting of extensible materials 
in a continuous operating mode. 

Porter, U.S. Pat. No. 4,335,636, patented Jun. 22, 
1982, utilizes waterjet cutting to cut gypsum boards and 
catches the water in a trough below the suspended 
board above it. The patentee avoided splashback, but 
the device used is not practical for the waterjet cutting 
of an extensible material as described above. 

Niedermeyer, U.S. Pat. No. 4,266,112, patented May 
5, 1981, fails to suggest the breadth of materials that the 
patent’s process is expected to cut. The patent deals 
with “webs” and “materials,” and only at col. 9, lines 
11-13, does the patentee express some de?nition for 
those terms, with the following: 

“With non-?exible materials such as expanded foam 
polyurethane plastic sheets, insulation, etc., certain 
downstream devices such as pull rolls can be used.” 

Expanded polyurethane foam is formed typically of 
thick sheets greater than about 30 mils. Though ?exible 
polyurethane foams are made of extensible materials, 
rigid polyurethane foams need not be. The fact that the 
foam is de?ned as plastic sheets is an insufficient clue as 
to the actual identity of the materials being referred to 
by the patentee. Many rigid polyurethane foams are 
heat shapeable and, therefore, are properly character 
ized as plastics even though they would not be classed 
as thermoplastics. 

Niedermeyer fails to suggest how the water of the 
waterjet, after cutting, is removed from the proximity 
of the material being cut. At best, the patentee suggests 
that the water is de?ected to a trough, suggesting that a 
trough is the collection device. In every illustration, the 
material being cut is unsupported at about the area 
where cutting is being effected. 

Miyakita, et al., U.S. Pat. No. 4,048,885, is directed to 
the use of waterjet cutting “of a moving sheet material 
having a large thickness and a large width which is 
difficult to cut with the conventional rotary shear al 
though not impossible” (see col. 1, lines 44-47). As with 
the preceding prior art, little concern is shown for sup 
porting the material, the handling of the splashback 
problem, the extensibility of the material and/ or the 
removal of water from the cutting site. 

Reciprocation or oscillation of a waterjet cutter rap 
idly into and out of an edge of a moving sheet of mate 
rial produces a slanted slit having a gentle arc until the 
apex portion which is an abrupt curve that generates a 
parabolic slice de?ning a sharply formed or narrow 
apex (or tip). If such techniques are employed to effect 
a parabolic cut through a folded edge of a plastic or 
paper sheet, the unfolded sheet will not be an ellipse, but 
rather two (2) parabolas joined to form a hole and each 
juncture is an angle of about 30 or greater. At maximum 
line speed, this type of reciprocating cutting motion will 
typically create a poor quality cut because the cutting 
speed exceeds the speedy at which the cutting stream 
most effectively cuts the material and because of the 
dynamic loads imposed on the cutter in the course of 
rapid cutter reciprocation which causes splaying of the 
cutter means during the turnaround. Kloehn, et al., U.S. 
Pat. No. 4,567,796, patented Feb. 4, 1986, and U.S. Pat. 
No. 4,573,382, patented Mar. 4, 1986. In order to vary 
the kind of cut performed by such cutters, it is necessary 
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to cause them to alter their motion during the cutting 
action. This introduces complications in the mechanics 
of their operation. U.S. Pat. No. 4,573,382 describes the 
oscillation of a cutter into the sheeting and with cam 
arrangements varying the cutter’s motion within the 
sheeting to elongate the hole that is cut. Such a cutting 
operation can impart high dynamic loads on the nozzle 
of the cutter which imposes stress on the cam system 
controlling the nozzle’s movement. According to the 
patent, at col. 4, lines 13 et seq., cam means are put 
under great stress when used in oscillator waterjet cut 
ters and “these stresses seriously limit the speed at 
which the web 6 can be cut. . .” To “minimize,” but not 
necessarily overcome the problem, a “compromise cut 
ting line” for the ?uid jet is followed. Such apparently 
results in a compromise in the achievable cutting pat 
terns, exhibiting the limitations of a process that places 
undue stress on the apparatus. 
As pointed out previously, Kloehn, et al. fail to de?ne 

a method for removing the water from the waterjet 
cutter from the cutting site. Water jetted into a solid 
surface will impose a detrimental stress on the waterjet 
cutter by the dynamic load transmitted back into the 
water stream as it ricochets from the solid surface. 
Thus, not only do the patents’ process admittedly have 
to deal with stresses from the dynamic loads due to the 
oscillation action, it has to deal with the stresses im 
parted by the pressures generated at the solid surfaces 
where the cutting is taking place. The waterjet cutting 
process of these patents further suffer from the splash 
back problem and deformation of the thermoplastic ?lm 
by virtue of water splaying on the solid support surface. 

In addition, Kloehn, et a1. fail to recognize the serious 
corrosion and surface deterioration problems intro 
duced by the repeated pounding of a solid support sur 
face by waterjet spray. 

It would be desirable to be able to effect a repetitive 
selvage cut in a continuous run of a thermoplastic ?lm 
without having to slow or stop the run and without 
distorting the cut selvage edge of the ?lm. 

It would be desirable to effect a cut in a sheeting 
material which is not limited by stresses imposed on the 
cutting means because of dynamic loads imparted by 
water ricocheting from any solid surface. 

It would be desirable to effect a repetitive selvage cut 
in a continuous run of a thermoplastic ?lm or ?lms 
without suffering from splashback problems and gener 
ating raggedly cut edges. 

This invention is directed to a process and apparatus 
for making a selvage cut in thermoplastic sheeting mate— 
rial which avoids the disadvantages of the prior art. 

THE INVENTION 

The invention is most broadly directed to a high 
speed waterjet cutting about a single “edge portion” of 
a moving extensible sheeting material to effect repeated 
cuts in the material at about the edge portion, which 
comprises repeatedly 
(i) passing an edge and a portion interior of the edge of 

the moving sheeting material over a solid support 
_ surface within a cutting area; 

(ii) laterally moving a waterjet cutting means compris 
ing a waterjet nozzle over the cutting area and the 
solid support to cross the edge of the moving sheeting 
material within the cutting area over the solid sup 
Port; ‘ 

(iii) providing a water passage opening, in and bounded 
by the solid support, which 
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(a) is in connected relationship with a water recepta 

cle, and 
(b) is opposite of the water nozzle and registered 

therewith to follow the nozzle while over the cut 
ting area; 

(iv) waterjet cutting the material at about the edge por 
tion, within the cutting area, by waterjet cutting the 
material from a point at least within the edge portion 
to another point within the same edge portion; 

(v) synchronizing the relationship of the water jetting 
from the waterjet nozzle such that as the water passes 
through the material, it is captured in the water pas 
sage and removed to the water receptacle; 

(vi) removing the waterjet cutting means from a posi 
tion over the moving sheeting material; 

(vii) maintaining any removable piece that is formed by 
the waterjet cutting within the sheeting material until 
the sheeting material is removed from the cutting 
area; and 

(viii) thereafter recovering the cut portion of the sheet 
ing material from the cutting area from which is sepa 
rated any such removable piece. 
The invention in a more preferred aspect is con 

cerned with the process for high speed waterjet cutting 
about an edge portion of a moving thermoplastic exten 
sible sheeting material to cut out a piece from the mate 
rial, to be removed therefrom, which comprises the 
steps of: 
(i) passing an edge and a portion interior of the edge of 

the moving sheeting material over a solid support 
surface within a cutting area; 

(ii) laterally moving a waterjet cutting means compris 
ing a waterjet nozzle over the cutting area and the 
solid support surface to cross the edge of the moving 
sheeting material within the cutting area over the 
solid support; 

(iii) providing a water passage opening, in and bounded 
by the solid support surface, which 
(a) is in connected relationship with a water recepta 

cle, and 
(b) is opposite of the water nozzle and registered 

therewith to follow the nozzle while over the cut 
ting area; 

(iv) waterjet cutting the material at the edge portion, 
within the cutting area, by waterjet cutting the mate 
rial from a ‘point at least within the edge portion to 
another point within the same edge portion; 

(v) synchronizing the relationship of the water jetting 
from the waterjet nozzle such that as the water passes 
through the material, it is captured in the water pas 
sage and removed to the water receptacle; 

(vi) removing the waterjet cutting means from a posi 
tion over the moving sheeting material; 

(vii) holding the removable piece to the support surface 
until the material is removed from the cutting area; 
and 

(viii) thereafter recovering the sheeting material freed 
of the removable piece. 
The invention also encompasses an apparatus for 

making selvage cuts in a continuous manner in a contin 
uous supply of sheeting. The apparatus contains: 
(i) a movable waterjet cutter; 
(ii) means for moving the waterjet cutter over a solid 

support surface such that the nozzle of the waterjet 
cutter faces the solid support surface; 

(iii) means for receiving the selvage of a moving sheet 
ing on the solid support surface in a position below 
said nozzle; 
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(iv) means for passing the waterjet cutter from one 
point on a selvage of the sheeting to another point on 
the selvage; 

(v) an open space in the solid support surface positioned 
opposite of the position of the nozzle of the waterjet 
cutter which openly connects to a passage; 

(vi) means for providing the open space in the solid 
support in registration with the movement of the 
waterjet cutter; 

(vii) means for collecting water from the passage; 
(viii) means for maintaining the cut portion of the sel 

vage in position and in association with the sheeting 
upon removal of the waterjet from the selvage; and 

(ix) optionally, means for separating any removable cut 
portion from the sheeting to provide a sheeting with 
a cut selvage. 
The invention contemplates continuous repetition of 

the apparatus and the process to effect the high speed 
cutting of the aforementioned sheeting material 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A, 1B and 1C schematically illustrate stages 
of the making of a primarily round out in a continous 
sheet of plastic with a rotating waterjet cutter. 
FIGS. 1D, 1E, 1F, 1G, 1H and 11 schematically illus 

trate stages of making a primarily round cut by two 
procedures, FIGS. lD-F, as one set of illustrations, and 
FIGS. 1G—I, as another set of illustrations, in a conti 
nous sheet of plastic with a rotating waterjet cutter. 
FIGS. 2-6 are various sectional views of a rotating 

waterjet cutter in which a variety of sheeting can be 
appropriately cut to provide an arc-directed cutting 
pattern in the sheeting. The cutter of FIGS. 2-6 is espe 
cially desirable for cutting essentially round-like holes 
in the hem of a draw-tape bag. 
FIG. 7 is a sectional view of an alternative cutter 

assembly to that depicted in FIGS. 2-6. 
FIG. 8 provides a sectional view of the apparatus of 

FIGS. 2-6 along line 8-—8 in order to better show the 
hold down device. 

DETAILS OF THE INVENTION 

The invention embraces a process and apparatus for 
effectuating the selvage cutting of a thermoplastic poly 
meric sheeting. The invention is primarily related to the 
selvage cutting of thermoplastic polymeric sheeting, 
de?ned as sheeting made of a thermoplastic polymer 
that has the capacity to be deformed by extension under 
the water pressure of waterjet cutting such that un 
sightly stretched portions of the polymer can be formed 
at the cut line when the polymer is waterjet cut. It is an‘ 
object of this invention to minimize the occurrences of 
such unsightly stretched portions. ‘ 
The term “selvage” embraces the edge portion of a 

sheet without de?ning its size. It typically refers to an 
edge portion in which a part is intended to be cut and 
discarded. In accordance with the terms of this inven 
tion, as set forth in this speci?cation and the claims, the 
term selvage is not narrowly de?ned and embraces a 
side of the sheet extending from the center line thereof. 
This is a reasonable characterization of the term and is 
embraced by its normal de?nition because the size of a 
selvage, in any case, is dependent on a subjective stan 
dard. In addition, not all of the selvage need be out. 
Only a portion of the selvage need be cut or a partial cut 
made in a portion of the selvage, in accordance with this 
invention. Moreover, the cut in the selvage need not 
generate a removable piece from the selvage, though in 
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the preferred practice of this invention, the cut in the 
selvage results in the generation of a removable piece 
from the material. 
The word edge is used herein and in the claims to 

mean “the line where an object or area begins or ends.” 
The term edge portion is used herein and in the claims 
to mean the part of the sheeting near the edge and is 
inclusive of the edge. In its broadest connotation, the 
term edge portion includes that part of the sheeting 
extending from the center line to an edge of the sheet 
mg. 
The process and apparatus of the invention have the 

capacity of cutting out a portion of the sheeting from an 
edge portion of the sheeting or effecting a cut or series 
of cuts in the edge portion. In the latter case, the cut 
may constitute a single slice starting either from an 
edge, terminating at an edge or existing within the edge 
portion but removed from the edge. There may be a 
series of cuts as in a perforation so that the portion 
within the perforation may be torn from the sheeting. 

In the preferred embodiment, the waterjet cutting is 
effected starting from a point at an edge of the sheeting 
and terminating at another point on the same edge so 
that the slit in the sheeting starts on the waterjet cutter’s 
path over the edge of the sheeting and ends when the 
waterjet cutter is removed from a position over the 
sheeting by crossing the same edge. 

Stated differently, the process of the more preferred 
aspect of the invention involves the cutting of at least a 
portion of a selvage of a sheeting containing a thermo 
plastic extensible polymer by a waterjet cutter wherein: 
(i) the waterjet cutter, and its corresponding waterjet 

spray, is laterally passed over a selvage of the sheet 
ing as the sheeting is moving over, and is supported 
by, a solid surface; 

(ii) a water removal passage which comprises a open 
space on the support surface, sufficient to receive the 
whole of the waterjet spray, is positioned opposite of 
the positions of the waterjet cutter over the sheeting; 

(iii) the waterjet spray, after it penetrates the sheeting, is 
removed through the water removal passage; 

(iv) a removable selvage piece is created on the support 
surface the by cutting action of the waterjet spray; 

(v) the removable selvage piece is held in place within 
the sheeting; and 

(vi) the removable selvage piece is released from the 
sheeting when the piece is removed from the area of 
the action of the waterjet cutter. 
The water removal passage has a size sufficient to 

remove the waterjet spray that cuts the piece, from the 
proximity of the sheeting. Its boundary with the solid‘ 
support surface should not be too removed from the 
region of the cutting action, or else the sheeting will be 
unsupported by the solid surface-resulting in unneces 
sary permanent stretching about the cut edge and creat 
ing a ragged appearance. The purpose of the solid sup 
port surface is to provide support for the material about 
the periphery of the waterjet spray cutting through the 
material and thereby minimize the extent of permanent 
material stretching at the cut edge which would gener 
ate a generally ragged appearance under normal visual 
analysis. In the typical case, the perimeter of the open 
passage is bounded by the solid support surface. The 
closer that the size of the opening’s width is to the diam 
eter of the waterjet spray passing through the extensible 
material, and thence through the opening, the better 
will be the quality of the cut in the material. 
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The opening of the water removal passage in direct 
open register with the waterjet nozzle has a width 
which is not signi?cantly greater than the diameter of 
the waterjet spray transmitted through the extensible 
material being cut. In the typical case, the width of the 
opening is not greater than about 8 times the diameter of 
the spray. Though the opening may be much longer 
than its width, thereby forming a slotted opening, the 
length of the opening is only long enough to accomo 
date the distance the waterjet spray is transmitted. In 
many embodiments of the invention, the opening is 
circular and the diameter of the opening in such in 
stances is slightly greater than the diameter of the spray 
transmitted through the extensible material. In that 
case, the perimeter of the passage is preferably only 
slightly larger than the‘ periphery of the waterjet spray. 
Broadly speaking, regardless of whether the opening is 
a round hole or a slot, it is preferable to have the width 
of the opening not greater than about'4 times that of the 
diameter of the waterjet spray passing therethrough and 
desirably not less than 1.2 times that of the diameter of 
the waterjet passing through it. - 
The exact size of the opening is dependent upon a 

number of factors such as the thickness of the ?lm being 
cut, the speed of the moving ?lm, the size of the cut in 
the ?lm, the water pressure of the waterjet, the distance 
the waterjet nozzle is from the ?lm, and the like consid 
erations. In typical cases, the opening has been circular 
and ranged between about 0.025 to 0.25 inch. 
The process and apparatus of the invention are most 

effective operating at line speeds of at least 100 feet per 
minute. The invention embraces, as a speci?c embodi 
ment thereof, the processes and apparatus of the afore 
mentioned copending patent applications which in their 
operation can achieve the process and apparatus of this 
invention. For example, the invention can include the 
apparatus and process for effectuating repeating pat 
terns of arc cuts in a supply of an advancing sheeting 
continuously, and preferably rectilinearly, moving 
through a cutting area. They may comprise moving 
(with means to effect such movement) an omnidirec 
tional cutter at a constant rate across the cutting area in 
a direction which is angular to the perpendicular of the 
rectilinear direction of the sheeting, imposing the cut 
ting action (with means to effect such cutting) on the 
sheeting in the direction of movement of the sheeting 
within the cutting area to puncture the surface of the 
sheeting and making a cut therein, then passing (with 
means to effect such passing) the cutting means from the 
sheeting within the cutting area, and removing the cut 
portion of the sheeting from the cutting area by the 
continuous advancement of the sheeting. The process 
and apparatus of the invention can include are cutting 
of the sheeting without undergoing the stop motion 
existing in reciprocating and oscillating cutting and 
cutters. However, the invention embraces as well the 
utilization of reciprocating and oscillating cutting and 
cutters, as well as cutting and cutters which operate to 
cut such sheeting by movement opposite to the direc 
tion of the sheeting, and is not limited to the particular 
omnidirectional cutting processes and apparatus of the 
copending patent applications. 
The invention contemplates, in the preferred embodi 

ment, the cutting of moving sheeting material with a 
waterjet cutter where the motion of the cutter during 
cutting of the material is simultaneously lateral and 
longitudinal such that the cutter repeatedly sweeps in a 
smooth and continuous arc motion over the sheeting 
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10 
material. The arc motion of the cutter is in the direction 
of travel of the sheeting material. A preferred feature of 
the invention is that the waterjet cutter moves at a 
velocity which is greater than the material being cut. A 
desirable feature of the invention, though less preferred, 
is that the waterjet cutter moves at a velocity which is 
equal to or less than the material being cut. 
An advantage of the preferred embodiment of the 

invention is that it allows for high speed cutting while 
minimizing the degree of distortion (poor quality) in the 
cut in the sheeting, and such is effected without slowing 
down the directional speed of the sheeting (the produc 
tivity factor). The preferred embodiment of the inven 
tion operates by imparting to the cutter a directional 
velocity in the direction of the sheeting so as to mini 
mize the advancing cutting action of the cutter on the 
sheeting and to eliminate making the cutting action 
dependent on the movement of the sheeting into the 
cutting means. By having the cutter move (as compared 
to a stationary position) in the direction of the sheeting, 
one alters the difference between their directional ve 
locities and this difference in their directional velocities 
becomes the directional velocity of the cutting action. 
By controlling the relative directional velocity between 
the cutter and the sheeting one can control the quality 
of the cut in the sheeting. This, of course, is correlated 
with the cutting force of the cutting means to optimize 
the quality of the cut in the sheeting. 
The preferred embodiment of the invention also pro 

vides that the directional velocity of the cutting means 
is greater than the directional velocity of the sheeting. 
A desirable feature of the invention, though less desir 
able than the preferred embodiment, provides that the 
directional velocity of the cutting means is equal to or 
less than the directional velocity of the sheeting. These 
assure, in the typical case, that the cutting action need 
not act to limit the line speed of an operation in which 
cutting is an integral part. This means that in the course 
of cutting, the cutting action will be effected at a direc 
tional speed which may be slower than, equal to or 
greater than the directional speed of the sheeting depen 
dent on the geometry of the design. In the desirable 
feature of the invention, where the directional velocity 
of the cutting means is equal to or less than the direc 
tional velocity of the sheeting, the cutting action will be 
effected at a directional speed which is slower than or 
equal to the directional speed of the sheeting. 

In the most preferred aspect of the invention, cutting 
in the sheeting is effected by the use of a revolving 
cutter action. Such materially reduces the dynamic 
loads on the cutter when it changes the cutting pattern 
to make a cut in the sheeting in a different direction. 
This allows one to effect higher speed cutting with less 
introduction of stress on the cutter than other cutting 
methods, such as reciprocal and oscillating cutting (see 
the previous discussion regarding US. Pat. Nos. 
4,567,796 and 4,573,382). However, as previously 
pointed out, the invention in its broadest scope contem 
plates the use of reciprocal and oscillating waterjet 
cutting. 
Another advantage of the preferred apparatus of the 

invention is that it can generate at high speed an are cut 
in the sheeting material that can have a tangent which is 
parallel to the rectilinear direction of the sheeting mate 
rial. A further advantage of the preferred embodiment 
of the invention is that it can generate at high speed an 
are cut starting from an edge of the sheeting and termi 
nating at a different point of the same edge in which the 
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arc has a tangent which is parallel to the rectilinear 
direction of the sheeting. The preferred means of the 
invention generates such an arc'cut. 
The invention embraces inter alias a process for mak 

ing a repetitive are cut in a continuous manner in a 
continuous supply of sheeting possessing edges. In its 
implementation, a moving sheeting is passed across a 
cutting area and while the sheeting is in the cutting area, 
an arc-directed omnidirectional waterjet cutting means 
is passed in an arc-defmed motion across a selvage of 
the sheeting in the direction of movement of the sheet 
ing at a rate greater than, equal to or less than that of the 
directional velocity of the sheeting, to puncture at least 
a portion of the moving sheeting; maintaining the are 
directed velocity of the omnidirectional cutting means 
at a rate (velocity) greater than, equal to or less than 
that of the directional velocity of the sheeting, such that 
the puncture is enlarged to a lineal cut. The most favor 
able application of the invention involves the use of 
waterjet cutting to cut curved slices and holes, espe 
cially primarily round holes, in multi-wall plastic con 

I structions. 

In one aspect, the invention encompasses an appara 
tus for making a repetitive are cut in a continuous man 
ner in a continuous supply of sheeting possessing edges. 
The apparatus involves means for receiving a moving 
sheeting having edges in a cutting area thereof, means 
for passing an arc-directed waterjet cutting means 
through the cutting area, over a selvage of the sheeting 
and in the direction of movement of the sheeting, at a 
rate greater than, equal to or less than the rate of the 
sheeting, means for puncturing the sheeting and initiat 
ing the cutting with the waterjet cutting means of the 
sheeting within the cutting area, means for withdrawing 
the waterjet cutting means from the area, and means for 
withdrawing the cut portion of the sheeting from the‘ 
cutting area. To the above are provided the following 
improvements: 
(i) means for moving the waterjet cutting means over a 

solid support surface such that the nozzle of the wa 
terjet cutter faces the solid support surface; 

(ii) means for receiving the selvage of a moving sheeting 
on the solid support surface in a position below said 
nozzle; 

(iii) means for passing the waterjet cutter from one point 
on the edge of a selvage of the sheeting to another 
point on the edge of the selvage; 

(iv) an open space in the solid support surface (prefera 
bly enclosed on all sides by the solid surface) which 
openly connects to a passage, positioned opposite to 
the position of the nozzle of the waterjet cutter; 

(v) means for providing the open space in the solid 
support in registration with the movement of the 
waterjet cutter; 

(vi) means for collecting water from the passage; 
(vii) means for holding the cut portion of the selvage in 

association with the sheeting upon removal of the 
waterjet from the selvage edge; and 

(viii) means for separating the cut portion from the 
sheeting to provide a sheeting with a cut selvage. 
Sheeting, as used herein and in the claims, represents 

any three-dimensional material which possesses two 
opposite facing surfaces separated by edging surfaces. 
The edge of the sheeting may comprise the width of a 
single ply of material, the width of multiple plies of 
material, or the width of one or more plies of ?attened 
tubular and/or folded-over materials. The opposite 
facing surfaces may be mono- or poly-planar and the 
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12 
combined surfaces typically (and preferably) posses 
many times the area of the edge surfaces. The sheeting 
employed in the practice of the invention may be made 
of any thermoplastic polymeric material capable of 
being cut by an omnidirectional waterjet cutter, and 
desirably is a thermoplastic polymer which could be 
extensible under water pressure of waterjet cutting of 
an unsupported ?lm thereof such that stretched por 
tions of the polymer can be formed at the cut line when 
the polymer is thusly waterjet cut. The preferred sheet 
ing used in the practice of the invention are such exten 
sible thermoplastic ?lms, such as one or more layers of 
one or more of: polyethylene (low density, high density, 
linear low density and/0r combinations), polypropyl 
ene, polyethylene copolymers (low density, linear low 
density and/ or combinations), polybutylenes, ABS pol 
ymers, polyurethanes, polycarbonates, polysulphones, 
aliphatic polyamides, polyarylamides, polyaryletherke 
tones, polyarylimideamides, polyaryletherimides, poly 
esters, polyarylates, polyoxymethylene, poly(epsilon 
caprolactone), and the like. Composites of such ?lms 
with a variety of materials is within the contemplation 
of the invention. 
The invention provides the most signi?cant bene?ts 

when the sheeting is made of a thermoplastic ?lm hav 
ing a thickness of less than about 5 mils and has a low 
secant modulus. 
The invention embraces to novel apparatus for effect 

ing the arc-directed cutting in a continuous supply of a 
sheeting, as aforedescribed. 
A preferred apparatus of the invention for making a 

cut of at least a portion of the selvage involves the 
repetitive arc cut in a continuous manner in a continu 
ous supply of sheeting possessing a selvage portion and 
comprises 
(a) means for receiving a moving sheeting having edges 

onto the solid surface of a cutting area thereof; 
(b) means for passing an arc-directed waterjet cutter 
over the cutting area, over the area to be occupied by 
an edge of the sheeting; 

(c) means for causing the waterjet of the cutter to punc 
ture the sheeting located in the cutting area and effect 
a cut of the edge as it passes onto the edge, and con 
tinue the out until the waterjet is withdrawn from the 
sheeting within the cutting area; 

(d) means for withdrawing the waterjet cutter from the 
cutting area; 

(e) means for maintaining the cut portion within the 
sheeting until the withdrawal of the sheeting from the 
cutting area; ' 

(f) means for tracing within the support an open water 
removal passage corresponding to the position of the 
waterjet cutter over the sheeting which passage is 
enclosed by the support; 

(g) means for withdrawing the cut portion of the sheet 
ing from the cutting area; and 

(h) means for repeating steps (a)—(g) inclusive. 
The solid support surface comprises any surface 

which supports the extensible thermoplastic sheeting 
when it is being out such that the sheeting is subjected 
to minimal stretching in the region of the cutting area at 
the time of cutting. Typically, the solid support surface 
is made of a rigid material capable of supporting the 
weight of the sheeting moving thereover. For example, 
the support surface may 
(1) provide support for any'removable portion of the 

selvage after the cut in the selvage has been started, 
(2) be totally solid, 
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(3) have a cellular construction, 
(4) contain rollers, 
(5) be a composite structure, and/or 
(6) have pores therein. 
The purpose of the support surface is to provide a 

restraining surface about the perimeter of the water 
passage to support the thermoplastic sheeting when it is 
pushed into the waterjet stream so that the sheeting 
resists being permanently deformed in a gross manner at 
the cut edge. The size and shape of the support surface 
are not narrowly critical so long as the surface serves 
this purpose. The support surface may be ?at or curved 
depending on the requirements of the cutting operation. 
Usually, the support surface will have a boundary radi 
ating at least one-eighth inch, preferably one-quarter 
inch, more preferably one-half inch and most prefera 
bly, one inch from at least two sides of a theoretical four 
sides surrounding the perimeter of the water passage. 
The preferred embodiment of the invention involves 

the lateral cutting of holes in the hem portion of plastic 
sheeting to be made into bags designed for inclusion of 
draw tapes. Such types of sheeting and bags are illus 
trated in U.S. Pat. No. 4,624,654, supra. The cutting 
device of this invention may be used as part of a multi 
step bag making assembly and process. The invention 
allows the high speed cutting in a hem portion of a 
plastic sheeting moving in a lineal direction at speeds of, 
e.g., greater than about 1.5, preferably 2.5, independent 
and full cuts per second. Whereas in the prior art, hole 
cutting in the manufacture of plastic draw tape bags 
constituted a rate limiting step in the manufacture of the 
bags, such no longer need be the case because of this 
invention. 
The principles of one embodiment of the invention 

are described in FIGS. 1A, 1B and 1C. Apparatus 
which achieve embodiments of the principles are de 
picted in FIGS. 2-8. 
With respect to FIGS. 1A, 1B and 1C, is a plan view 

of the top of sheeting 101 which is a continuous plastic 
?lm (preferably polyethylene ?lm) being moved contin 
uously in the direction of the arrow (to the left) on a 
conveyor or roller combination, not shown. Suitable 
conveyors are endless belts, see U.S. Pat. Nos. 
4,567,796, 3,614,369 and 4,335,636, or roller combina 
tions such described in U.S. Pat. No. 4,624,654. Sheet 
ing 101 contains a hem portion 102 in which the plastic 
is folded over to make a double layer of the plastic ?lm 
which terminates at hatched line 104. Sheeting 101 can 
represent one or more layers of folded over plastic ?lm, 
and in a preferred embodiment of making draw tape bag 
structures, it comprises two (2) such layers. Though the 

' hem turns in the bottom direction, it could, in the prac 
tice of the invention, be turned in the top direction. In 
these ?gures, a waterjet cutting device 106 is revolved 
along path or circle 105 about the rotational axis of arm 
103 in a counterclockwise direction, which is leftward 
in the indicated direction of travel of sheeting 101. The 
path of waterjet cutting device 106 is con?gured to cut 
across a portion of the hem region of sheeting 101. In 
FIGS. 1A, 1B and 1C, the line speed is selected to be 
100 inches per‘ second and the speed of revolution of 
waterjet cutting device 6 is selected to be 145.4 inches 
per second along path 105. 
FIG. 1A shows that, as the cutting component of the 

cutting device 106 penetrates sheeting 101 within the 
hem portion(s), the intended arc of waterjet cutting 
device 106 is that between points A and B. However, 
FIG. 1B shows that the advancing ?lm(s) reduces the 
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relative cutting speed which is the difference between 
the speed of the cutting waterjet cutting device (con 
stant in this case) and the speed of the advancing ?lm 
(also constant in this case), and this shortens the dis 
tance of the are such that the penetration point and the 
apex of the are are de?ned by the curve A'C. If one 
measures cutting speed by a unit of measurement in a 
given time, the relative cutting speed of the sheeting in 
this case varies with the position of the cutting device 
106 over the sheeting 101 and the cutting speed can 
vary from a higher and lower cutting speed, in the 
course of travel of cutting device 106, than the speed of 
sheeting 101. A differential of the natural arc of waterjet 
cutting device 106 and actual are cut of device 106 is 
de?ned by the space ACA'. In the course of the down 
ward swing from apex C of the waterjet cutting device 
106 to point B of the natural arc, there is created the 
actual cut, arc BC. The time period from the initial 
penetration of sheeting 101, as shown in FIG. 1A, to the 
withdrawal of waterjet cutting device 106 from sheet 

' ing 101, as shown in FIG. 1C, is 0.05 seconds. If the 
hem(s) were to be opened up, such that the underside 
lies ?at on the same plane as the remainder of the sheet, 
the primarily round cut de?ned as A'CB would be char 
acterized as a mirror image to de?ne a primarily round 
hole in the opened-up sheeting 101. The cutout piece D 
of the sheeting 101 which would be removed is herein 
after called the “slug”. 
An advantage of the system de?ned in FIGS. lA-C, 

in which the cutting device 106 rotates in the direction 
of sheeting 101, resides in the handling of slug D. If the 
direction of cutting device 106 were in a clockwise 
direction and against the direction of sheeting 101, the 
initial penetration of sheeting 101 would have been at 
point B. As waterjet cutting device 106 would continue 
to penetrate into sheeting 101, the cut de?ned by line 
BC would have been basically unsupported as it moves 
forward. Such would cause the slug to vibrate and 
billow in response to the air currents generated about 
sheeting 101 at the speed characterized above and this 
would make slug handling a nuisance. This problem, of 
course, can be dealt with by introducing a complicated 
clamping device over the unsupported portion of the 
slug as it forms. Such is not needed when the cut is 
made in the direction of travel of sheeting 101 because 
the slug D that is being generated trails and is supported 
by the uncut portion of the sheeting. The slug is, there 
fore, not as susceptible to vibration and billowing fac 
tors. A hold down device is shown below for keeping 
the slug on the rotating table in order to remove it from 
the vicinity of the moving sheeting. 
FIGS. lA-C make apparent that, if cutting device 

106 can be advanced simultaneously (a) in a rotational 
manner about the axis of arm 103 and (b) forward by the 
forward movement of the axis of arm 103 along an 
imaginary track parallel to and with the direction of 
sheeting 101, waterjet cutting device 106 can be made 
to generate a variety of different shape cuts in sheeting 
101. That cut could be more extensive, generating a 
broader swathe across sheeting 101 and generating a 
larger hole in the hem portion. That motion, coupled 
with a slower rotational motion, could achieve the same 
cut as the semicircular A'CB as depicted in FIG. 1C. 
The nature of the arc-like cut in sheeting 101 can be 
signi?cantly varied. Such variations can be extended by 
altering the angle relationship of the rotational plane of 
the cutting device 106 to the plane of the sheeting 101. 
It is also apparent that one can make an arc-like cut 
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which has a deeper and more extensive penetration into 
sheeting 101 and/or by varying the direction of passage 
of cutting device 106, generate a cut in sheeting 101 
which is considerably different from the semicircular 
cut depicted in FIG. 10. A number of cam arrange 
ments can be added to the apparatus to vary the position 
of the axis of arm 103 during the rotation of arm 103. 
Such can be used to cut a wide variety of designs in a 
moving sheeting. For example, the axis to arm 103 can 
be ?xed in a rotatable slotted hole by a tensioning spring 
which in turn is bolted onto a cam follower that is 
locked into a track circumscribing a cam assembly. The 
cam assembly can provide a variety of cutting designs 
for the cutting device 106 to perform in sheeting 101, 
such as a ?eur-delis. In addition, the cutting device 106 
can be provided with a clutch mechanism that alters its 
speed in the course of cutting sheeting 101. For exam 
ple, shortly after cutting device 106 penetrates sheeting 
101, prior to point C,’ its speed of revolution can be 
slowed down for a short distance and then brought back 
up to the original speed. If this alteration in speed were 
repeated after point C, it is possible to generate a mush 
room-like cut pattern in the hem 102. In addition to 
varying the travel of the cutting device 106 over the 
sheeting 101, the cutting device 106 can be designed to 
tilt in any direction as it travels over sheeting 101. In 
such a variation, if one is employing waterjet cutting, it 
is desirable to have the path for water removal appro 
priately positioned to accommodate the altered position 
of the cutting device. The variety of cutting patterns 
that one can generate is almost limitless. Using a combi~ 
nation of cam and clutch arrangements, it is possible to 
effect such a variety of cutting patterns without having 
to employ cam arrangements which cause high dy 
namic loads on the cutting device. 
The principles of the desirable, but less preferred 

embodiment, of the invention are described in FIGS. 
1D, 1E and IF, as a set of illustrations, and FIGS. 1G, 
1H and II, as another set of illustrations. Apparatus 
which achieve embodiments of the principles are de 
picted in FIGS. 2-8. 
With respect to FIGS. 1D, 1E and 1F, as with FIGS. 

lA-C, supra, are plan views of the top of sheeting 101 
which is a continuous plastic ?lm (preferably polyethyl 
ene ?lm) being moved continuously in the direction of 
the arrow (to the left) on a converyor or roller combina 
tion, not shown. Suitable conveyors are endless belts 
and or roller combinations as pointed out above. Sheet 
ing 101 contains the hem portion 102 in which the plas 
tic is folded over to make a double layer of the plastic 
?lm which terminates at hatched line 104. Sheeting 101 
can represent one or more layers of folded over plastic 
?lm, and in a preferred embodiment of making draw 
tape bag structures, it comprises two (2) such layers. 
Though the hem turns in the bottom direction, it could, 
in the practice of the invention, be turned in the top 
direction. In these ?gures, an waterjet cutting device 
106 is revolved along path or circle 105 about the rota 
tional axis of arm 103 in a counterclockwise direction, 
which is leftward in the indicated direction of travel of 
sheeting 101. The path of waterjet cutting device 106 is 
con?gured to cut across a portion of the hem region of 
sheeting 101. In FIGS. 1D, 1E and 1F, the line speed is 
selected to be 100 inches per second and the speed of 
revolution of device 106 is selected to be 82.21 inches 
per second along path 105, i.e., less than the line speed 
of sheeting 101. 
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FIG. 1D shows that, as the cutting component of the 

cutting device 106 penetrates sheeting 101 within the 
hem portion(s), the intended arc of waterjet cutting 
device 106 is that between points A and B. However, 
FIG. 1E shows that the advancing ?lm(s) reduces the 
relative cutting speed which is the difference between 
the speed of the cutting device (constant in this case) 
and the speed of the advancing ?lm (also constant in this 
case), so that the arc is reverse directed and the length 
of the arc is shortened such that the penetration point 
and the apex of the are are de?ned by the curve A’C. If 
one measures cutting speed by a unit of measurement in 
a given time, the relative cutting speed of the sheeting in 
this case varies with the position of the cutting device 
106 over the sheeting 101 and the cutting speed can 
vary from an equal and lower cutting speed, in the 
course of travel of cutting device 106, than the speed of 
sheeting 101. In the course of the downward swing 
from apex C of the waterjet cutting device 106 to point 
B of the natural arc, there is created the actual cut, arc 
BC. The time period from the initial penetration -of 
sheeting 101, as shown in FIG. 1F, to the withdrawal of 
waterjet cutting device 106 from sheeting 101, as shown 
in FIG. 1F, is 0.092 seconds. If the hem(s) were to be 
opened up, such that the underside lies flat on the same 
plane as the remainder of the sheet, the primarily round 
cut de?ned as A’CB would be characterized as a mirror 
image to de?ne a primarily round hole in the opened-up 
sheeting 101. Consistent with the preceding discussion, 
the cutout piece D of the sheeting 101 is termed the 
slug. 
FIGS. 16, HI and 11 provide a plan view of the top 

of sheeting 101 characterized above. The waterjet cut 
ting device 106 in these ?gures is revolved along path or 
circle 105 about the rotational axis of arm 103 in a coun 
terclockwise direction, which is leftward in the indi 
cated direction of travel of sheeting 101 at a speed equal 
to the speed of sheeting 101. The path of waterjet cut 
ting device 106 is con?gured to cut across a portion of 
the hem region of sheeting 101. 

FIG. 1G shows that, as the cutting component of the 
cutting device 106 penetrates sheeting 101 within the 
hem portion(s), the intended arc of waterjet cutting 
device 106 is that between points A’ and B°. However, 
FIG. 1G shows that the advancing ?lm(s) reduces the 
relative cutting speed which is the difference between 
the speed of the cutting device (constant in this case) 
and the speed of the advancing ?lm (also constant in this 
case), so that the arc is minimal and the length of the arc 
is shortened such that the penetration point and the apex 
of the are are de?ned by the curve AooC“, closely ap 
proximating the area of straight line (hatched) S". If one 
measures cutting speed by a unit of measurement in a 
given time, the relative cutting speed of the sheeting in 
this case varies with the position of the cutting device 
106 over the sheeting 101 and the cutting speed can 
vary from an equal and lower cutting speed, in the 
course of travel of cutting device 106, than the speed of 
sheeting 101. In the course of the downward swing 
from apex C“ of the waterjet cutting device 106 to point 
B“ of the natural are, there is created the actual cut, arc 
B°C°. If the hem(s) were to be opened up, such that the 
underside lies ?at on the same plane as the remainder of 
the sheet, the primarily round cut de?ned as AOQC°B° 
would be characterized as a mirror image to de?ne a 
relatively ?at elliptical hole in the opened-up sheeting 
101. The slug D“ of the sheeting 101 is removable. 



4,966,059 
17 

The invention contemplates the ability to effect an 
arc-like cut with any of the various waterjet cutters. 
Waterjet cutting is an extremely well de?ned art. There 
are a number of commercial waterjet cutting systems. 
Essentially all work pursuant to the same technology. 
Water is feed under high pressure, as high as 60,000 psi, 
through an extremely small nozzle having a diameter 
ranging from about 0.02 inch to about 0.003 inch (about 
0.0508 cm to about 0.00762 cm). The water passes 
through the nozzle at more than twice the speed of 
sound creating a very concentrated force which is pro 
jected upon a very small area and this produces the 
puncturing or breakthrough effect upon whatever item 
to which the waterjet is projected. Water alone may be 
all that is required. This is dependent upon the particu 
lar item that is being subject to waterjet cutting. How 
ever, if the sheeting to be cut is more resistant to cutting 
by water, than an abrasive can be added to the water 
stream. Such abrasive allows waterjet cutting to be 
effective for steel of over three inches (3") thick and 
concrete of up to 12 inches in thickness. The technology 
of using abrasive materials for waterjet cutting is estab 
lished. 
One of the advantages of waterjet cutting is the size 

of the kerf generated. It is typically smaller than that 
generated by other omnidirectional techniques and, 
therefore, provides an additional bene?t. The kerf is 
nominally in the 0.005” (0.0127 cm) to about 0.011" 
(0.02794 cm) range. In addition, waterjet cutting does 
not require a starting hole in order to initiate an arc-like 
kerf; therefore, kerfs, which are only arc-like cuts, can 
be introduced into the interior of sheeting without initi 
ating the puncture at an outer edge. For example, with 
respect to FIGS. lA-C, using waterjet cutting device 
106, the kerf generated could be initiated at any point 
de?ned by are A’CB. In the case of a hem-like structure, 
de?ned in FIGS. IA-C, the kerf could extend from 
points A’ to point C and then the waterjet cutting can be 
terminated. This would leave a semicircular kerf in the 
sheeting which could act as a flap, if a flap were desired 
for any particular application of the sheeting. Such flaps 
are commonly cut in large plastic or fabric display items 
used outdoors. The kerf generated could be a perfora 
tion, a series of holes along the same line. 
FIGS. 2-8 illustrate apparatus which effectively uti 

lize waterjet cutting in accordance with the process of 
the invention. 
The apparatus of FIGS. 2-6 and 8 comprise a rotating 

table having a perimeter and having rotatively affixed 
thereto a waterjet cutting means openly connected to 
the perimeter of the table, which waterjet cutting means 
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has a rotating axis aligned parallel with the axis of the , 
table, and means for synchronizing the rotation of the 
cutting means with the position of the table during its 
rotation such that the revolution of the cutting means 
on the rotation of the table does not essentially change 
the facing direction of the cutting means. In the pre 
ferred apparatus of FIGS. 2-6 and 8, the drive for the 
rotation of the table is the drive for the synchronizing 
means. 

FIG. 2 is a side view of the signi?cant components of 
a cutter apparatus of the invention which are further 
detailed in FIGS. 3-6 and 8. In FIG. 2 there is charac 
terized cutter assembly 25 attached to waterjet supply 
coil tube section 50. The waterjet assembly 25 and the 
waterjet supply coil tube section 50 are af?xed to sup 
port bracket 173 at bearings 9 and 109. The water sup 
ply to jet assembly 25 is effected through upper tube 
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coil section 30, then through straightened tube section 
40 and into waterjet supply coil tube section 50. The 
tubes are joined at coupling 7 and held in position by 
tube support bridge mounts 55 and 63. The whole tube 
assembly is locked into main tube support 60. 

Associated with waterjet cutter assembly 25 is shaft 
assembly 19 and water catch tank 53. The whole appa 
ratus is supported by slidable form platform 11 bolted 
through slots into a base plate 13 so that platform 11 can 
be moved forward and back one inch or more. 
The principle involved in the operation of the cutting 

apparatus of FIG. 2 is as follows: Waterjet assembly 25 
provides the waterjet stream which punctures and cuts 
the sheeting material. It follows that the sheeting mate 
rial is passed under waterjet assembly 25. The sheeting 
can be supplied in a number of ways, such as on belt 
conveyors or on rollers, as mentioned above. The func 
tion of the conveyance is to move the sheeting continu 
ously into and out of the cutter at the rate desired. Con 
ventional belt conveyors and rollers are suitable. The 
water catch tank 53 has a function of collecting water 
emitted from waterjet assembly 25. The waterjet assem 
bly 25 is caused to revolve, in a clockwise direction in a 
circular path as illustrated in FIGS. lA-C, supra, by the 
rotation of the table on which it sits. The coil sections 30 
and 50 of the water tubing serve to reduce stress caused 
by any torque imposed in the tubing during revolutions 
of the waterjet assembly 25. Waterjet assembly 25, 
while revolving in the clockwise direction, undergoes a 
rotation in the opposite direction such that its north 
south position remains constant during each full revolu 
tion. As a result, a minimum amount of torque is im 
posed upon coil tube sections 30 and 50 and on tube 
section 40. Coil sections 30 and 50 assure ?exibility in 
the water tube during revolution of waterjet assembly 
25. 
With respect to FIG. 3, taken along lines 3-3 shown 

in FIG. 4, there is shown a partial cutaway side view of 
waterjet assembly 25, the assembly for effecting the 
revolution and rotation of the waterjet assembly 25, and 
other components. Waterjet assembly 25 comprises 
bearings 109 and sprocket 111, roller chain 165, snap 
ring 113, tube holding nut 115 and connecting tube 
section 117 which forms part of the terminal portion of 
coil tube section 50. The bearings 109 form part of the 
waterjet housing assembly 119. Sprocket 111 is tightly 
secured to rotatively mounted waterjet passage section 
114 by screw 112. The jet of water issues from waterjet 
nozzle 107. The diameter of the nozzle opening of wa 
terjet nozzle 107 may range from 0.004 to 0.012 inch 
(0.001 to 0.031 cm), and for the cutting of multilayers of 
plastic ?lm, an opening diameter of 0.005 inch (0.013 
cm). Located below the waterjet nozzle is insert plate 
108 in which is located a small hole characterized as 
water passage 155 which passes the water into tank 53. 
Water passage 155 may have a diameter of about 1/32 
to about i inch (0.078 to 0.3175 cm). The size of passage 
is dependent on size of the nozzle 107 opening, the 
distance of nozzle 107 from passage 155 and the water 
pressure. If nozzle 107 is about 1 inch (0.635 cm) from 
passage 155, using a pressure of 40,000 psi, passage 155 
may have a diameter of 0.06 inch (0.152 cm). Insert 
plate 108 forms part of waterjet rotating mounting table 
147. Waterjet housing assembly 25 is bolted (not shown) 
to waterjet rotating mounting table 147. Table 147 is 
bolted (via bolt 163) to rotatable shaft 159 via shaft 
?ange 161. 












